Abstract: To solve the OPF problems with three objective functions like fuel cost minimization, emission and power loss. the proposed method is tested on the IEEE 30 bus test system and  compared with existing literature. The proposed method gives the  best optimal values for the minimizing the considered objectives. 
I. INTRODUCTION
Optimal power flow (OPF) is used in power system optimization. OPF represents the best operating levels for the existing system in order to meet the demands given throughout the transmission network, usually with the considered objectives of minimization of cost, emission and transmission losses. OPF was first introduced in the year 1962 by Carpentier. It is being discussed since then. It is considered to be a large, nonlinear mathematical programming problem. There are two types of methods in optimization: conventional and intelligent methods.
There are several optimization techniques implemented recently to solve many electrical problems, some of them like GA, DE, EP, PSO, Tabu Search (TS), SA, ACO, ABC, CSO have been suggested [1] [2] [3] [4] [5] [6] [7] [8] [9] . Dr. Syedali Mirjalili [10] proposed an Ant lion optimizer (ALO). This proposed algorithm was analyzed in three different forms such as mathematical functions, classical engineering problems and shapes of two propellers are optimized. A.Salhi, D.Naimi and T.Bouktir [11] proposed OPF using ant ALO technique and compared with existing literature. Khalid . H. Mohamed and K. S. Rama Rao [12] proposed optimization algorithms for OPF problem solution. They concluded that intelligent techniques are more suitable when compared to conventional methods for optimal power flow.
In the above literature while solving the OPF problem they are not considered the practical constraints such as ramp rate limits and prohibited operating zones. In this paper along with equality and in equality constraints, practical constraints has been consider for OPF problem to test the effectiveness of the proposed HALOA
II. PROBLEM FORMULATION
The optimization problems as follows: 
ii. Emission The emission generated can be approximated as 
Q and L P , L Q are real and reactive demand and losses respectively. ii). In-equality constraints Voltage:
Active Power Generation:
Transformers tap:
Bus voltage magnitude:
n VAr sources, load N VAr sources
C. Prohibited operating zones (POZ) (practical constraints)
Problem formulation as follows: 
D. Ramp-rate limits (practical constraints)
The inequality constraints due to ramp limits are ALO algorithm proposed by Dr.Syedali Mirjalili. This technique deals the searching mechanism of Ant lions in nature. These are the doodlebugs which come under myrmeleontidae family which live in two phases of larvae and adult. The total life period is up to 3 years which is mostly covered by the phase of larva and the span of adult is just 3-5 weeks. In the stage of larvae their hunting mechanism is very interesting. The small cone shape traps seen in the nature are built by ant lions to trap ants. They dig the bigger pits when they are hungry and it is the main inspiration of this algorithm. The interesting feature regarding these ant lions are the hunger level and shape of the moon. They dig a bigger trap when they are hungry and when the moon is in full shape. These ant lions are also called as "Civil Engineers" because of their talent in building the traps. These steps are described in the following sections.
IV. OPERATORS OF ALO ALGORITHM
ALO technique mimics collaborate between ants and ant lions during the hunting mechanism. In order to model those interactions the ant lions are allowed to hunt the ants and become fitter using the traps, ants are required to move over the search space. At the every step of optimization ants try to update their current position with the help of random walk. Ants basically use stochastic movement for search of food.
modeling of random walk movements of ants is given by
rand rand t r (7) The ant positions are given by 
,......, , ,......, , (9) Where, MOA = matrix for saving the fitness of each Ant, 
A. Random walks of ants
The random walks are based on the equation (6). At the each step update their position. Every search space has its own boundary therefore; equation (6) not used directly for updating the position of ants. Therefore the random values are normalized by the given equation below in order that they are inside the search space. 
Equation (13) and (14) show that the ants walk in a given search space c &d around a selected ant lion.
C. Building trap
Roulette wheel selection is used for building the traps. Select the ant lions based on their fitness. The chance of ants getting caught by the fitter ant lions is more.
D. Sliding ants
Ant lions build the traps are directly relation to their fitness and the ants move in the search space. Once the ants enter into the pit the ant lions throw the sand outwards to capture the ant. The behavior slides down the trapped ants. In order to explain this behavior mathematically, the radius of the ant's random walks hyper-sphere is reduced.
It is explained by following equations 
E. Catching prey and re-building the pit
Then ant lion is required to update its position to the latest position of the hunted ant to enhance its chance of catching the new ant. This behavior is explained by the following equation 
G. Elitism
The elite simultaneously as follows 
A. Illustrative example-1
A test function is considered in order to analyze the HALOA method. The function has been analyzed and the steps of analysis results are given below. Update the iteration.
B. Illustrative example-2
In order to analyze the efficacy of HALO algorithm when compared to that of ALO algorithm a standard Himmelblau test function is considered and is minimized. It is observed that the best results are obtained from the HALO algorithm From the Table 1 it is observed that proposed method gives the optimal value when compared to the existing methods. 
C. IEEE 30 bus test system
The efficiency of the proposed method is tested on IEEE-30 bus test system [13, 14] . To identify the effect of additional constraints such as ramp-rate and prohibited operating zone limits, the single objective optimization is analyzed for the different cases: Case-A: Without Practical constraints; Case-B: With Ramp rate; Case-C: With POZ; Case-D: with both constraints.
In order to show the usefulness of the HALOA method, the analysis is extended all the four cases. Control variables in OPF solution for four cases are obtained with generation fuel cost, emission and transmission loss minimization as objective functions are tabulated in Table 2 .
The convergence characteristics and the variations of active power flow for these objectives with four cases are shown in Figs. 1-3.
From Table 2 , values are less without considering practical constraints than other three cases. The cost is high with POZ limits and in between with ramp-rate limits are considered, when compared to without practical limits. Further, the fuel cost increases if the ramp limit and POZ is considered. The emission is more in case-D compared to other three cases. From the observation the effect of ramp limit on the Emission is low and the effect of prohibited operated zones (POZ) is high. Further, the emission increases if the ramp limit and POZ constraints are considered. The loss is more in the Case D than the other three cases. It is also observed that, the effect of ramp limit on the power loss is low and the effect of prohibited operated zones (POZ) is high. Further, the power loss increases if the ramp limit and POZ are considered.
It is also observed that the generators are not operating in specified prohibited operating zones for all other objectives also.
From Fig. 1-3 , it is notified that the iteration starts with high value also requires more number of iterations to reach the final value for case-D compared to other three cases for all four objectives. 
Fig. 1. Convergence characteristics of cost minimization of all cases with HALOA

VI. CONCLUSIONS
In this research work, HALO algorithm has been proposed to optimize most warranted objectives such as cost, emission and loss objectives. The optimization problem is solved while satisfying conventional equality, in-equality constraints and practical constraints such as ramp-rate and POZ limits. The proposed technique has proven its efficacy by starting with decent initial value and reaches best final value with less number of iterations when compared to literature methods.
The proposed method works without considering the nature of the objectives and can be used to optimize any number of objectives. Typical test systems and electrical test IEEE-30 bus systems are tested with supporting numerical results.
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